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Introduction {#sec005}
============

Asthma is a common respiratory disease, and one of the most common chronic diseases worldwide \[[@pone.0231710.ref001]\]. In Norway, asthma prevalence has increased markedly in the last 20 years \[[@pone.0231710.ref002]\], and was estimated at 11.5% in 2013 \[[@pone.0231710.ref003]\]. Although a large proportion of patients diagnosed with asthma are young \[[@pone.0231710.ref004]\], asthma is also common among persons of working age \[[@pone.0231710.ref005]\]. Potential consequences for employees and employers, the health care system and wider society include low work ability \[[@pone.0231710.ref006]--[@pone.0231710.ref008]\] and loss of working days \[[@pone.0231710.ref009]--[@pone.0231710.ref015]\].

A person's lifestyle is known to have significant impact on health and well-being \[[@pone.0231710.ref016]\]. Good health is essential for work participation and endurance until retirement \[[@pone.0231710.ref017]\]. Limited studies have been conducted of modifiable lifestyle factors which may reduce sick leave and increase work ability among persons with asthma. A recent Dutch study explored the association between several chronic diseases, including respiratory diseases, selected lifestyle factors, sick leave and work ability among health care workers \[[@pone.0231710.ref018]\]. The study suggests that smoking and obesity negatively influence work ability, especially among persons with respiratory disease \[[@pone.0231710.ref018]\]. Another European study suggests that low physical activity and smoking are associated with sick leave among persons with respiratory diseases \[[@pone.0231710.ref019]\]. However, these studies focused on respiratory diseases in general, and did not specifically assess asthma.

Lifestyle risk factors often occur simultaneously \[[@pone.0231710.ref020]\]. Previous studies of associations between lifestyle factors and sick leave/work ability have largely examined a limited number of lifestyle factors. We have previously reported independent and additive relationships between multiple lifestyle risk factors (obesity, smoking, unhealthy diet and low physical activity) and low work ability in a large sample taken from the general working population in Norway \[[@pone.0231710.ref021]\]. However, few general population studies have examined multiple lifestyle risk factors and absence from work, and we are unaware of any studies which link these associations with asthma status.

The aim of this study was therefore to investigate whether physician-diagnosed asthma modifies associations of multiple lifestyle factors with sick leave and work ability in a general working population.

Material and methods {#sec006}
====================

Study sample and population {#sec007}
---------------------------

The Telemark Study is a longitudinal population-based study conducted in south-eastern Norway. The initial cross-sectional part of the study was carried out in 2013, and consisted of a postal questionnaire mailed to a random sample (18--50 years of age) of the general population. The total population is approximately 170 000. Out of 48 142 eligible participants, 16 099 responded to the questionnaire. The response rate of 33% has occasioned a study on non-response \[[@pone.0231710.ref022]\].

For the present study, participants (18--50 years of age) were included if they had been employed in the past 12 months and had provided complete data on lifestyle risk factors (diet, physical activity, body mass index and smoking habits), and reported information about sick leave and work ability score. Complete data were available for 10 355 participants. Of these, 1 110 (11%) reported having physician-diagnosed asthma ([Fig 1](#pone.0231710.g001){ref-type="fig"}).

![Unknown address or language problems.](pone.0231710.g001){#pone.0231710.g001}

Dependent variables {#sec008}
-------------------

### Sick leave {#sec009}

Sick leave was defined as one or more days on sick leave in the previous 12 months, confirmed by an affirmative answer to the question: "Have you been on sick leave over the course of the last 12 months?"

### Work ability score (WAS) {#sec010}

The work ability score derives from the work ability index developed by the Finnish Institute of Occupational Health \[[@pone.0231710.ref023]\]. We decided to use the first-item question of the work ability index, the work ability score (WAS): "Current work ability compared with the lifetime best", where a score of 0 represents complete work disability and a score of 10 represents work ability at its best. The WAS has been validated by previous studies \[[@pone.0231710.ref024], [@pone.0231710.ref025]\]. We dichotomised the variable into poor (0--7) and good (8--10) WAS.

Independent variables {#sec011}
---------------------

### Physician-diagnosed asthma {#sec012}

Participants were defined as having asthma if they responded affirmatively to the question: "Has a physician ever diagnosed you with asthma?"

Lifestyle risk factors {#sec013}
----------------------

### Diet {#sec014}

Diet was defined using food frequency questions previously validated and used in the Norwegian population-based Nord-Trøndelag Health Study (HUNT3) (2006--2008) \[[@pone.0231710.ref026], [@pone.0231710.ref027]\]. To reflect general dietary advice for improved health \[[@pone.0231710.ref028]\], a dietary sum score was constructed based on intake of fruits/berries and vegetables, fatty fish, sausages/hamburgers and chocolate/candies \[[@pone.0231710.ref021]\]. The sum score for each participant (scale 0--4) was calculated by summing their scores for the four indicators, reflecting the number of recommendations met \[[@pone.0231710.ref029]\]. The diet score was trichotomised into the categories low (0--1), moderate (2) and high (3--4) adherence to the general dietary recommendations. The three categories were labelled "unhealthy diet", "average diet" and "healthy diet", respectively.

### Physical activity {#sec015}

Moderate to vigorous leisure-time physical activity (MVPA) was assessed using validated questions and cut-off points covering frequency, intensity and duration of exercise as used in the HUNT1 (1984--1986) and HUNT3 (2006--2008) studies \[[@pone.0231710.ref030]\]. To reflect recommendations on adult MVPA (≥ 150 minutes/week) \[[@pone.0231710.ref028]\], the responses to the questions regarding frequency, intensity and duration were combined to give a total MVPA score \[[@pone.0231710.ref030]\]. This was labelled "physical activity" and dichotomised into "active" and "less active". The weighted scores used to calculate the total score and the cut-off point emulating recommended MVPA were set according to the values used in the HUNT1 and HUNT3 studies \[[@pone.0231710.ref030], [@pone.0231710.ref031]\].

### Body mass index {#sec016}

Body mass index (BMI) was measured in accordance with the World Health Organization's cut-offs for different weight groups \[[@pone.0231710.ref032]\]. These were labelled "underweight" (\< 18.5 kg/m^2^), "normal weight" (18.5--24.9 kg/m^2^), "overweight" (25--29.9 kg/m^2^) and "obesity" (≥30 kg/m^2^).

### Smoking {#sec017}

Smoking was assessed by three questions. The first was: "Do you smoke every day?" Two follow-up questions were then asked: "Do you smoke occasionally?" and "If not, have you smoked in the past?" Smoking habits were divided into three categories labelled "current smoker" (every day and occasional smoking combined), "former smoker" and "never smoked".

### Lifestyle risk index {#sec018}

An overall lifestyle risk index was calculated to investigate the possible additive effect of lifestyle risk factors on work ability \[[@pone.0231710.ref021]\]. To estimate relative health risk, the individual lifestyle factors were given weighted risk scores: 0 (low health risk), 0.5 (intermediate health risk) and 1 (high health risk), and then summed into an overall index ranging from 0 to 4 ([Table 1](#pone.0231710.t001){ref-type="table"}). To study different levels of lifestyle risk, the lifestyle risk index was divided into four categories: "low risk score" (total score 0--0.5), "moderate risk score" (total score 1--1.5), "high risk score" (total score 2--2.5) and "very high risk score" (total score 3--4). The index was labelled "Lifestyle risk index".

10.1371/journal.pone.0231710.t001

###### Study population characteristics, distribution of main variables and risk scores.

![](pone.0231710.t001){#pone.0231710.t001g}

                                                                     Total         Without asthma   Asthma     
  ------------------------------------------------------------------ ------------- ---------------- ---------- -----------------------------------------------------------------
  **Gender**                                                                                                   
   Male                                                              4 774 (46)    4 276 (46)       498 (45)   
   Female                                                            5 581 (54)    4 969 (54)       612 (55)   
  **Age groups**                                                                                               
   18--30                                                            2 708 (26)    2 378 (26)       330 (30)   
   31--40                                                            2 964 (29)    2 647 (29)       317 (29)   
   41--50                                                            4 683 (45)    4 220 (45)       463 (41)   
  **Educational level**                                                                                        
   Primary school and lower secondary education (10 years or less)   1 018 (10)    923 (10)         95 (9)     
   Upper secondary education (an additional three to four years)     4 242 (41)    3 781 (41)       461 (41)   
   University or university college                                  4 794 (46)    4 272 (46)       522 (47)   
   Missing                                                           301 (3)       269 (3)          32 (3)     
  **Other chronic lung diseases**                                                                              
  Yes                                                                223 (2)       112 (1)          111 (10)   
  No                                                                 10 132 (98)   9 133 (99)       999 (90)   
  **Sick leave**                                                                                               
  No sick leave in the previous 12 months                            7 023 (68)    6 365 (69)       658 (59)   
  Sick leave in the previous 12 months                               3 332 (32)    2 880 (31)       452 (41)   
  **WAS**                                                                                                      
  Good WAS (8--10)                                                   8 976 (87)    8 064 (87)       912 (82)   
  Low WAS (0--7)                                                     1 379 (13)    1 181 (13)       198 (18)   
  **Lifestyle risk factors**                                                                                   Lifestyle index risk score[\*](#t001fn001){ref-type="table-fn"}
  **Diet**                                                                                                     
   Healthy                                                           5 851 (56)    5 246 (57)       605 (55)   \(0\)
   Average                                                           3 700 (36)    3 287 (36)       413 (37)   (0.5)
   Unhealthy                                                         804 (8)       712 (7)          92 (8)     \(1\)
  **Physical activity**                                                                                        
  Active                                                             5 332 (51)    4 732 (51)       600 (54)   \(0\)
  Less active                                                        5 023 (49)    4 513 (49)       510 (46)   \(1\)
  **BMI category**                                                                                             
  Normal weight (18.5--24.9 kg/m^2^)                                 4 951 (48)    4481 (49)        470 (42)   \(0\)
  Underweight (\<18.5 kg/m^2^)                                       128 (1)       113 (1)          15 (1)     (0.5)
  Overweight (25--30 kg/m^2^)                                        3 733 (36)    3 327 (36)       406 (37)   (0.5)
  Obese (\>30 kg/m^2^)                                               1 543 (15)    1 324 (14)       219 (20)   \(1\)
  **Smoking status**                                                                                           
  Never smoked                                                       5 555 (54)    4 973 (54)       582 (52)   \(0\)
  Former smoker                                                      2 298 (22)    2 033 (22)       265 (24)   (0.5)
  Current smoker                                                     2 502 (24)    2 239 (24)       263 (24)   \(1\)
  **Lifestyle risk score**                                                                                     
   Low risk (0--0.5)                                                 2 592 (25)    2 322 (25)       270 (24)   
   Moderate risk (1--1.5)                                            4 030 (39)    3 600 (39)       430 (39)   
   High risk (2--2.5)                                                2 895 (28)    2 592 (28)       303 (27)   
   Very high risk (3--4)                                             838 (8)       731 (8)          107 (10)   

\* The numbers in brackets are the risk scores used for each variable when calculating the lifestyle risk index.

Background variables {#sec019}
--------------------

### Age {#sec020}

Age was categorised as "18--30", "31--40" and "41--50" years of age.

### Educational level {#sec021}

Educational level was categorised into three subgroups: "primary school + 1--2 years", "upper secondary and certificate" and "university/university college".

### Other chronic lung diseases {#sec022}

Participants were defined as having a chronic lung disease if they responded affirmatively to at least one of the following questions: "Has a physician ever diagnosed you with chronic obstructive lung disease?" or "Has a physician ever diagnosed you with any chronic lung disease other than chronic obstructive lung disease or asthma?"

Statistical analyses {#sec023}
--------------------

The phi coefficient was used to assess the correlation between sick leave and low work ability, while Spearman's rho was used to assess the correlation between the individual lifestyle risk factors. We used a multiple logistic regression analysis to explore the association between individual lifestyle risk factors (diet, physical activity, body mass index and smoking), the multiplelifestyle index (independent variables), and sick leave and work ability (dependent variables). Odds ratios (OR) with 95% confidence intervals were calculated for the likelihood of sick leave and low work ability. The individual lifestyle risk factors were adjusted for each other in the respective models. Age, gender, educational level and other chronic lung diseases were included as adjustment variables. In addition, sensitivity analyses were performed to adjust for other chronic diseases (cardiovascular disease, diabetes and mental illness).

To investigate whether asthma was a potential effect modifier, we decided to assess associations between independent and multiple lifestyle risk factors and sick leave and work ability stratified by asthma status.

It might be hypothesized that the effect of the combination of multiple lifestyle risk factors with asthma is greater than the sum of their separate effects ([Fig 2](#pone.0231710.g002){ref-type="fig"}). For further exploration of the data, interaction terms were included in logistic regression models (asthma multiplied with each lifestyle risk factor and the lifestyle risk index, respectively) to reveal any multiplicative interaction.

![Hypothesized interaction of lifestyle risk factors and asthma on sick leave/work ability.\
Figure is inspired by Tonnon et al \[[@pone.0231710.ref033]\].](pone.0231710.g002){#pone.0231710.g002}

The statistical analyses were carried out using IBM SPSS Statistics for Windows, version 24--2017. In all analyses, statistical significance was defined as p \< 0.05 or a 95% confidence interval that did not include the null value.

Ethical considerations {#sec024}
----------------------

Written informed consent was obtained from all the participants. The study was conducted in accordance with the guidelines laid down in the Declaration of Helsinki, and were approved by the Regional Committee for Ethics in Medical Research (REC 2012/1665) and the Norwegian Data Protection Authority.

Patient and public involvement {#sec025}
------------------------------

This study consulted user representatives from the Norwegian Asthma and Allergy Association in relation to study planning, study design and knowledge transfer. User representatives were included in the communication of results to health care workers, policy makers and the public on various media platforms (newspapers, internet, radio and television). One user representative served as a member of the study steering committee, and made important contributions to questionnaire development.

Results {#sec026}
=======

The study population characteristics are presented in [Table 1](#pone.0231710.t001){ref-type="table"}. The sample consisted of 10 355 persons from the general working population of Telemark County (aged 18--50; slightly more female than male participants (54% vs 46%)). One-third of the subjects reported sick leave days in the past 12 months (32%). Most participants reported a good work ability (68%). Finally, 11% reported physician-diagnosed asthma.

Sick leave and work ability were weakly correlated (phi correlation 0.20). Spearman's rho correlations between individual lifestyle-related risk factors ranged from 0.03 between BMI and diet to 0.12 between low physical activity and diet.

Multiple logistic regression analysis showed that lifestyle risk score, BMI category and smoking status were all significantly associated with sick leave in the past 12 months, among persons both with and without asthma ([Table 2](#pone.0231710.t002){ref-type="table"}). All associations were observed to be stronger among persons with asthma than persons without asthma. A stronger positive association between lifestyle and sick leave among persons with asthma was confirmed by including interaction terms in the analysis: (Lifestyle risk score (moderate) \* asthma OR = 1.4 (95% CI 1.02--2.1); Lifestyle risk score (high) \* asthma OR = 1.6 (95% CI 1.1--2.3); Lifestyle risk score (very high) \* asthma OR = 1.6 (95% CI 0.97--2.7); Obesity \* asthma OR = 1.5 (95% CI 1.02--2.1); Past smoking \* asthma OR = 1.4 (95% CI 1.01--1.9); and Current smoking \* asthma OR = 1.4 (95% CI 1.03--2.0).

10.1371/journal.pone.0231710.t002

###### Associations between lifestyle factors and sick leave by asthma status (n = 10 355).
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                                  Without asthma                                        Asthma
  ------------------------------- ----------------------------------------------------- -----------------------------------------------------
  **Lifestyle risk index**        OR[^a^](#t002fn001){ref-type="table-fn"} (95% C.I.)   OR[^a^](#t002fn001){ref-type="table-fn"} (95% C.I.)
   Low risk score (0--0.5)        1.0                                                   1.0
   Moderate risk score (1--1.5)   **1.2 (1.1, 1.4)**                                    **1.7 (1.2, 2.4)**
   High risk score (2--2.5)       **1.4 (1.2, 1.6)**                                    **2.1 (1.4, 3.0)**
   Very high risk score (3--4)    **1.8 (1.5, 2.1)**                                    **2.6 (1.6, 4.2)**
  **Lifestyle risk factor**       OR[^a^](#t002fn001){ref-type="table-fn"} (95% C.I.)   OR[^a^](#t002fn001){ref-type="table-fn"} (95% C.I.)
  Diet                                                                                  
   Healthy                        1.0                                                   1.0
   Average                        1.0 (0.92, 1.1)                                       1.0 (0.79, 1.4)
   Unhealthy                      1.1 (0.92, 1.3)                                       0.93 (0.57, 1.5)
  Physical activity                                                                     
   Active                         1.0                                                   1.0
   Less active                    1.1 (0.97, 1.2)                                       1.1 (0.85, 1.4)
  Body mass index                                                                       
   Normal weight                  1.0                                                   1.0
   Underweight (\<18.5 kg/m^2^)   1.1 (0.76, 1.7)                                       1.8 (0.60, 5.2)
   Overweight (25--30 kg/m^2^)    **1.2 (1.1, 1.3)**                                    1.2 (0.92, 1.7)
   Obese (\>30 kg/m^2^)           **1.6 (1.4, 1.8)**                                    **2.2 (1.5, 3.1)**
  Smoker                                                                                
   Never smoked                   1.0                                                   1.0
   Former smoker                  **1.3 (1.2, 1.5)**                                    **1.7 (1.3, 2.4)**
   Current smoker                 **1.3 (1.2, 1.5)**                                    **1.7 (1.3, 2.4)**

^a^ Adjusted for gender, age, educational level and other chronic lung diseases.

Lifestyle risk score and physical activity were significant associated with WAS among persons both with and without asthma ([Table 3](#pone.0231710.t003){ref-type="table"}). The associations were observed to be somewhat stronger among persons with asthma than among persons without asthma. A model including interaction terms between lifestyle and asthma showed that the trend of stronger association between lifestyle and WAS among persons with asthma, compared to persons without asthma, was not statistically significant.

10.1371/journal.pone.0231710.t003

###### Associations between lifestyle factors and work ability score by asthma status (n = 10 355).
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                                  Without asthma                                        Asthma
  ------------------------------- ----------------------------------------------------- -----------------------------------------------------
  **Lifestyle risk index**        OR[^a^](#t003fn001){ref-type="table-fn"} (95% C.I.)   OR[^a^](#t003fn001){ref-type="table-fn"} (95% C.I.)
   Low risk score (0--0.5)        1.0                                                   1.0
   Moderate risk score (1--1.5)   **1.3 (1.1, 1.6)**                                    1.5 (0.91, 2.4)
   High risk score (2--2.5)       **1.9 (1.5, 2.2)**                                    **2.2 (1.3, 3.6)**
   Very high risk score (3--4)    **2.3 (1.8, 3.0)**                                    **2.7 (1.5, 5.0)**
  **Lifestyle risk factor**       OR[^a^](#t003fn001){ref-type="table-fn"} (95% C.I.)   OR[^a^](#t003fn001){ref-type="table-fn"} (95% C.I.)
  Diet                                                                                  
   Healthy                        1.0                                                   1.0
   Average                        1.1 (0.99, 1.3)                                       0.99 (0.71, 1.4)
   Unhealthy                      **1.3 (1.02, 1.6)**                                   1.2 (0.65, 2.0)
  Physical activity                                                                     
   Active                         1.0                                                   1.0
   Less active                    **1.4 (1.2, 1.6)**                                    **1.6 (1.2, 2.2)**
  Body mass index                                                                       
   Normal weight                  1.0                                                   1.0
   Underweight (\<18.5 kg/m^2^)   1.3 (0.79, 2.2)                                       1.6 (0.41, 5.9)
   Overweight (25--30 kg/m^2^)    1.1 (0.94, 1.3)                                       1.2 (0.81, 1.7)
   Obese (\>30 kg/m^2^)           **1.4 (1.2, 1.7)**                                    1.4 (0.89, 2.1)
  Smoking                                                                               
   Never smoked                   1.0                                                   1.0
   Former smoker                  **1.2 (1.03, 1.4)**                                   1.3 (0.85, 1.9)
   Current smoker                 **1.3 (1.1, 1.5)**                                    1.4 (0.97, 2.1)

^a^ Adjusted for gender, age, educational level and other chronic lung diseases.

Discussion {#sec027}
==========

In the present study, multiple lifestyle risk factors were associated with sick leave and reduced work ability among persons both with and without physician-diagnosed asthma. Most importantly, the association between multiple lifestyle risk factors and sick leave was modified by physician-diagnosed asthma. For persons with asthma, the lifestyle risk factors obesity, former smoker and current smoking were associated with sick leave, while low physical activity was associated with low WAS.

A direct comparison with other studies is challenging due to differences in study design and study populations, as well as this study's focus on asthma. Nonetheless, some similarities and differences should be acknowledged.

In the present study, we observed an association between increasing lifestyle risk scores and sick leave, especially among persons with asthma. To the best of our knowledge, no previous study has assessed the association between a multiple lifestyle risk index and sick leave in a general working population. However, two recent European studies \[[@pone.0231710.ref018], [@pone.0231710.ref019]\] have assessed individual lifestyle risk factors and associations with sick leave among health care workers. A multi-cohort study found that lifestyle factors such as smoking and low physical activity were associated with sickness absence linked to respiratory disease \[[@pone.0231710.ref019]\], while a Dutch study did not find any significant associations between individual lifestyle factors and sick leave among persons with respiratory diseases \[[@pone.0231710.ref018]\]. Unlike the present study, however, these studies did not specify which respiratory diseases were under investigation, and did not assess the strength of possible interactions with lifestyle factors. This makes comparison challenging.

The observed modification by asthma status on the association between lifestyle risk score and sick leave was confirmed through the inclusion of interaction terms between lifestyle factors and asthma, suggesting the presence of multiplicative interactions. Our results indicate that persons with asthma could be more susceptible to sick leave due to lifestyle. This in turn suggests that lifestyle changes may be of particular importance to prevent sick leave among persons with asthma, even when few lifestyle risk factors are present.

As regards the individual lifestyle risk factors studied, our findings indicate that obesity is more strongly associated with sick leave among persons with asthma than among persons without asthma. This is consistent with previous literature \[[@pone.0231710.ref011], [@pone.0231710.ref015], [@pone.0231710.ref034]\]. Some studies have shown improvement in asthma outcomes following weight reduction, indicating potential benefits for the working life of these respondents \[[@pone.0231710.ref035], [@pone.0231710.ref036]\].

We also found that former and current smoking were more strongly associated with sick leave among subjects with asthma compared to persons without asthma. This is consistent with Swedish and Danish study results linked to current smoking \[[@pone.0231710.ref009], [@pone.0231710.ref015]\]. Interestingly, a Spanish cross-sectional study of persons with asthma \[[@pone.0231710.ref010]\] found that former smoking was associated with sick leave, but could not confirm an association between current smoking and sick leave \[[@pone.0231710.ref010]\]. The authors suggest the "healthy smoker effect" as a possible explanation for the results, implying that persons who smoke and have few respiratory symptoms continue smoking \[[@pone.0231710.ref010]\]. However, our study indicates that both past and current smoking may increase the likelihood of sickness absence, especially among persons with asthma.

Others have shown that factors such as age \[[@pone.0231710.ref006], [@pone.0231710.ref009], [@pone.0231710.ref013]\], occupation \[[@pone.0231710.ref008], [@pone.0231710.ref009]\], socio-economic status \[[@pone.0231710.ref014]\] and severity of asthma \[[@pone.0231710.ref010]\] are important predictive variables with regard to sick leave and low work ability among persons with asthma. We therefore adjusted for age and education, but this did not significantly influence our results.

No significant modification by asthma status on the association between lifestyle and WAS was observed. However, statistically significant associations between lifestyle risk score and low WAS were observed among respondents both with and without asthma. Of the individual lifestyle factors, only low physical activity was significantly associated with low WAS among workers with asthma. Recent studies suggest that physical activity improves asthma control and lung function among adults with asthma \[[@pone.0231710.ref037], [@pone.0231710.ref038]\]. One possible explanation for our findings may be that low physical activity has an opposite, adverse effect and may therefore reduce self-perceived work ability. Moreover, a non-significant trend of decreased WAS was observed among smokers. Our results are consistent with a longitudinal Finish study of men diagnosed with asthma from youth, in which current smoking was associated with low work ability \[[@pone.0231710.ref007]\]. Moreover, a Dutch study \[[@pone.0231710.ref018]\] suggested a stronger association between smoking and low WAS among health care workers with respiratory diseases than among healthy individuals. However, as mentioned above, this study did not distinguish between different respiratory diseases or assess interactions \[[@pone.0231710.ref018]\]. Our findings provide additional insight into the association between multiple lifestyle factors and work ability among persons with asthma.

Our study indicates that persons with asthma may have greater benefits from lifestyle improvements than persons without asthma. According to our results, moderate lifestyle improvements could potentially decrease the likelihood of sick leave for this group of employees. Lifestyle is theoretically modifiable, and our findings imply that workplace measures targeting lifestyle changes may have a beneficial impact on persons both with and without asthma.

This study has strengths but also limitations that should be considered.

Important strengths are the inclusion of multiple lifestyle risk factors and the large study sample from the general working population. Other studies have focused on individual lifestyle risk factors in selected groups, such as subjects with asthma \[[@pone.0231710.ref010], [@pone.0231710.ref013]\], subjects in a specific occupation \[[@pone.0231710.ref018]\] and, often, male-only cohorts \[[@pone.0231710.ref007]\]. A further strength of this study is the use of validated questions which have also been used in other Norwegian cohort studies, for both independent (lifestyle risk factors) and dependent variables (sick leave).

Furthermore, several adjustment variables (age, gender, educational level and other chronic lung diseases) were included in the regression analyses. This adjustment did not alter the estimates substantially, indicating independent associations and limited risk of mistaken adjustment for intermediate variables in relevant causal pathways. Moreover, adjustment for other medical conditions (cardiovascular disease, diabetes and mental illness) did not significantly alter the results linked to sick leave and WAS.

The possibility cannot be excluded that we have underestimated the associations between lifestyle risk factors and sick leave and work ability due to the inclusion of all subjects with physician-diagnosed asthma, without differentiation based on severity or time of onset. Further, we did not analyse treatment parameters or medication use for persons with asthma, which may have influenced the associations. Studies have shown that persons on daily oral corticosteroids have less absenteeism than persons without such treatment \[[@pone.0231710.ref010]\].

Female, older age groups (41--50 years old) and more highly educated persons were slightly over-represented among the questionnaire respondents, indicating a possible selection bias. However, all regression analyses were adjusted for these variables. Generalisation of the results may be challenging due to the low response rate (33%). Nevertheless, analyses of non-responders indicate similar results to those of responders \[[@pone.0231710.ref022]\], and the associations appear less likely to be influenced by selection bias \[[@pone.0231710.ref039], [@pone.0231710.ref040]\].

One limitation of the study may be the use of self-reported physician-diagnosed asthma, which does not allow for verification of the diagnosis. Nevertheless, self-reported physician-diagnosed asthma has been shown to have high specificity \[[@pone.0231710.ref041]\]. Lifestyle-related factors may be perceived as sensitive information. This could introduce a social desirability bias which obscures associations, for example due to underreporting of bodyweight \[[@pone.0231710.ref042]\]. The study design does not permit objective confirmation of respondent answers. However, the use of validated questions should reduce the likelihood of such bias.

Given the uncertainty about the temporal sequence of events that is inherent to the cross-sectional design, this study cannot claim causal relationships between lifestyle factors and sick leave or work ability.

Conclusion {#sec028}
==========

In the present study, we found that physician-diagnosed asthma modified the association between lifestyle risk factors and sick leave. Asthma status did not significantly modify these associations with reduced WAS. The results indicate that lifestyle changes may be particularly important for employees with asthma. These findings are significant for public health promotion and occupational intervention programmes aimed at preventing sick leave and improving work ability, especially among persons with asthma. Longitudinal studies should be conducted to explore these associations further.

Supporting information {#sec029}
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Dear Mrs. De Bortoli,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Apr 04 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Davor Plavec

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Please revise your manuscript according to the suggestion of the reviewer.

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. Please provide additional details regarding participant consent. In the ethics statement in the Methods and online submission information, please ensure that you have specified (1) whether consent was informed and (2) what type you obtained (for instance, written or verbal). If your study included minors, state whether you obtained consent from parents or guardians. If the need for consent was waived by the ethics committee, please include this information.

3\. Please include additional information regarding the survey or questionnaire used in the study and ensure that you have provided sufficient details that others could replicate the analyses. For instance, if you developed a questionnaire as part of this study and it is not under a copyright more restrictive than CC-BY, please include a copy, in both the original language and English, as Supporting Information.

4\. We note that you have included the phrase "data not shown" in your manuscript. Unfortunately, this does not meet our data sharing requirements. PLOS does not permit references to inaccessible data. We require that authors provide all relevant data within the paper, Supporting Information files, or in an acceptable, public repository. Please add a citation to support this phrase or upload the data that corresponds with these findings to a stable repository (such as Figshare or Dryad) and provide and URLs, DOIs, or accession numbers that may be used to access these data. Or, if the data are not a core part of the research being presented in your study, we ask that you remove the phrase that refers to these data.

5\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Thank you for the opportunity to review this paper. The manuscript is technically sound, the data support the conclusions and presented in an intelligible fashion and written in standard English. The paper gives a novelty insight how multiple lifestyle risk factors are associated to asthma and sick-leave. I would suggest the following -- in order to make these interactions more understandable to your audience, I would suggest you make a diagram to illustrate these interactions. Also, I would suggest to always use the same wording throughout the whole manuscript- multiple lifestyle risk factors.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer \#1: Thank you for the opportunity to review this paper. The manuscript is technically sound, the data support the conclusions and presented in an intelligible fashion and written in standard English. The paper gives a novelty insight how multiple lifestyle risk factors are associated to asthma and sick-leave. I would suggest the following -- in order to make these interactions more understandable to your audience, I would suggest you make a diagram to illustrate these interactions. Also, I would suggest to always use the same wording throughout the whole manuscript- multiple lifestyle risk factors.

Answer: Thank you for these important comments. We have added a figure (Fig 2) in the manuscript illustrating the hypothesized interaction between lifestyle risk factors- asthma- sick leave/work ability. See page 8 and attached figure. We have obtained license from Springer Nature since the figure is inspired by an article from one of their Journals; Int Arch Occup Environ Health. 2019;92(6):855-64. License Number 4790660096986, License date March 16, 2020.

We have also corrected the wording to make the whole manuscript consistent with the wording of "multiple lifestyle risk factors".

One behalf of the authors,

Marit Müller De Bortoli
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Dear Dr. De Bortoli,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Davor Plavec, MD, MSc, PhD, Prof.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

The manuscript is acceptable for publication in its current form.

Reviewers\' comments:

10.1371/journal.pone.0231710.r004

Acceptance letter

Plavec

Davor

Academic Editor

© 2020 Davor Plavec

2020

Davor Plavec

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

3 Apr 2020

PONE-D-19-34978R1

Lifestyle, sick leave and work ability among Norwegian employees with asthma -- a population-based cross-sectional survey conducted in Telemark County, Norway.

Dear Dr. De Bortoli:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Davor Plavec

Academic Editor

PLOS ONE
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